Purpose of Review Out-of-Hospital cardiac arrest affects over 300,000 individuals in the US per year and is the third leading cause of death for Americans. Given the extent of this public health problem, investigations are ongoing to improve upon outcomes for patients who suffer cardiac arrest. This review will address the literature that informed the 2015 American Heart Association update to the Cardiopulmonary and Emergency Cardiovascular Care Guidelines (Callaway et al. in Circulation 132:S465-82, 2015). Recent Findings In this manuscript, we reviewed the literature that informed the major changes to the guidelines and present a concise review of the current literature that informs how patients who suffer a cardiac arrest are cared for in the pre-hospital, emergency department and in-hospital environment. Additionally, the new AHA guideline on Maternal Resuscitation will be described. Summary Significant updates have been made to the 2015 AHA guidelines informed by the literature to improve outcomes from cardiac arrest. This literature is summarized in this review.
from prolonged hypoperfusion [7] . In a recent meta-analysis of over 140,000 patients with OHCA, survival to hospital admission was only 23.8 % and survival to hospital discharge only 7.6 % [8] .
Pathophysiology of Cardiac Arrest
Though OHCAs can occur from noncardiac causes (i.e., trauma, drowning, overdose, asphyxia, electrocution, primary respiratory arrests, and other noncardiac etiologies), the majority (70-80 %) are cardiac in nature [9] . Coronary heart disease is known to be the most common cause of SCA and it is responsible for one in eight deaths worldwide. Many of these deaths are attributed to the development of ventricular tachyarrhythmias that occur during myocardial ischemia; this creates an unstable electrical substrate capable of arrhythmogenesis. Other cardiac causes of SCA include cardiomyopathy, inherited arrhythmia syndromes, and valvular heart disease [10] .
Though SCA most often develops in older adults, it can occur in younger patients, where it is most commonly associated with inherited disease [10] .
The presenting rhythms in SCA are categorized into two broad categories: tachyarrhythmic and nontachyarrhythmic (PEA, asystole, extreme bradycardia) [11, 12] . This distinction between causative cardiac rhythms in SCA is important given the significantly different survival rates and therapeutic role of defibrillation. The importance of early defibrillation in the management of ventricular defibrillation was demonstrated in a study of patients who experienced in-hospital cardiac arrest; patients who received prompt defibrillation had a survival to discharge rate of 39.3 % whereas patients in whom defibrillation was delayed by 2 min or more from the onset of VF had a survival to discharge rate of 22.2 % [13] .
Multiple studies of OHCA have shown that the incidence of tachyarrhythmic rhythms, which include ventricular fibrillation (VF) and pulseless ventricular tachycardia (VT), has been decreasing. It is thought that improved medical and surgical treatment for ischemic heart disease along with the widespread use of implantable cardiac defibrillators (ICDs) have likely contributed to the declining incidence of VF arrest and may result in conversion of an otherwise VF event into a PEA arrest [3] .
Pathophysiology of Post Cardiac Arrest Syndrome
Although the majority of cardiac arrest patients die during the acute event, a substantial proportion of cardiac arrest deaths occur in patients following successful resuscitation and can be attributed to the development of post-cardiac arrest syndrome [14] . This describes a complex set of pathophysiological processes consisting of brain injury, myocardial depression, and systemic ischemia/reperfusion injury, as well as ongoing injury caused by the precipitating cause of the arrest [15, 16] . The severity of each of the above is not uniform and varies across individuals.
The mechanisms of brain injury triggered by cardiac arrest are complex and include excitotoxicity, disrupted calcium homeostasis, free radical formation, pathological protease cascades, and activation of cell death signaling pathways [15] . And, as a result, cardiac arrest results in varying degrees of cognitive injury. The prevalence of seizures, nonconvulsize status epilepticus, and other epileptiform activity among patients who are comatose after cardiac arrest is estimated to be 12-22 % [17, 18] .
Immediately after ROSC, there is a period of cerebral hyperemia. The intensity of neuropathologic alterations that occur during this time are varied and proportional to the duration of cardiac arrest [15] . Within seconds after the onset of cardiac arrest, intracellular acidosis develops, mitochondrial oxidative phosphorylation stops, adenosine triphosphate (ATP) is depleted, and lactate accumulates [19] .
Post-cardiac arrest myocardial dysfunction also contributes to the low survival rate after cardiac arrest. Postcardiac arrest myocardial dysfunction can be detected within min of ROSC. In one group of 148 patients who underwent coronary angiography after cardiac arrest, 49 % of patients had myocardial dysfunction manifested by tachycardia and elevated left ventricular end-diastolic pressure, followed approximately 6 h later by hypotension (MAP \75 mmHg) and low cardiac output [20] . The whole-body ischemia/ reperfusion of cardiac arrest, along with associated oxygen debt causes generalized activation of immunological and coagulation pathways, increasing the risk of multiple organ failure and infection [21, 22] . This condition has many features in common with sepsis [23, 24] .
Cardiac Arrest Resuscitation Management
In 2015 the American Heart Association (AHA) issued an updated to the 2010 guidelines. This update addressed areas within the previous guidelines where significant advances had been made in the science, or where there was considerable controversy. The update was released in October of 2015 and addresses out of hospital cardiac arrest, in hospital cardiac arrest, post-resuscitation care as well as exploring regionalized care for cardiac arrest. Major science that contributed to the 2015 Guideline Update will be discussed in the proceeding sections.
Bystander CPR
Bystander-initiated cardiopulmonary resuscitation (CPR) is essential to increase the chance of survival and neurological recovery [25] . In fact, bystander CPR can improve survival from OHCA by two-three fold [8] . Bystander CPR may prevent ventricular fibrillation from deteriorating to asystole and in addition, it increases the chance of defibrillation success, helps to preserve heart and neurologic function and improves overall survival [8, 26] . Based on a 2015 update to the AHA guidelines, untrained lay rescuers should provide compression-only CPR, with or without dispatcher assistance and this should continue until the arrival of an AED or rescuers with advanced training. If the rescuer is able to perform rescue breaths, these should be performed in a ration of 30 compressions to 2 breaths [26] . In a blinded, randomized, controlled trial conducted in Stockholm from April 2012 to December 2013, a mobilephone positioning system that was activated when ambulance, fire, and police services were dispatched was used to locate trained volunteers within 50 m of patients with OHCA. These volunteers were dispatched to patients (intervention group) or not dispatched to them (control group). In the 667 OHCA that these volunteers were dispatched to, the rate of bystander-initiated CPR was 62 % in the intervention group and 48 % in the control group [27] . These data led that AHA to suggest that communities incorporate social media technology into their dispatch systems to summon volunteers trained in CPR to the scene of persons with OHCA [16] .
The primary goal of CPR is to restore blood flow to the heart so that it can resume mechanical work and to maintain the energy state of the brain in order to minimize ischemic injury. The major limiting factor to oxygen delivery during CPR is blood flow; it is therefore important to maximize the oxygen content of arterial blood by maximizing inspired oxygen concentration.
The quality of CPR and chest compressions is known to be a major determinant in the rate of survival from cardiac arrest. [28] A recent study by the Resuscitation Outcomes Consortium, a large pre-hospital clinical research collaboration, demonstrated the association between chest compression rate and ROSC [29, 30] . It has been welldocumented that faulty resuscitation efforts are often due to inadequate compression rate and depth; both of which may reduce survival.
The 2015 AHA Guidelines established an upper limit for the recommended compression rate. This update was based on data that suggests that an excessive rate may be associated with a lower rate of return of spontaneous circulation (ROSC). An upper limit on compression depth was also introduced. In adult cardiac arrest patients, rescuers should perform chest compressions at a rate of 100-120/min (updated from at least 100/min). Chest compressions should be performed at a depth of at least 2 inches (5 cm) for adult patients of average size, avoiding excessive compression depths (greater than 2.4 inches or 6 cm) [16, 26] .
Because manual chest compressions can be difficult to do and can cause significant operator fatigue, mechanical devices are being studied that produce more consistent chest compressions. Current mechanical devices include the LUCAS system [31] and the Load Distributing Band (Autopulse) system [32] . Both devices are associated with outcomes that are similar to those obtained with manual chest compressions [31] [32] [33] Public Access Automated External Defibrillators
The development of automated external defibrillators (AEDs) revolutionized the resuscitation of patients with OHCA. AEDs monitor a patient's ECG via self-adhesive electrodes that are applied to the patient's chest. Equipped with AEDs, EMS personnel achieve higher resuscitation and survival rates than those with only manual defibrillators or without defibrillators at all [11] . This is thought to be due to the reduction of time to first-shock delivery with AEDs [11] .
Widespread AED availability in the community has improved survival from prehospital cardiac arrest. One large public-access defibrillation study demonstrated a significant increase in the survival of OHCA victims to hospital discharge when lay volunteers are trained in both AED use and CPR (30 survivors among 128 arrests; 23 %) compared to CPR only (15 among 107; 14 %; p = 0.03) [11, 34] . AED use by law enforcement and in schools has shown similar benefit [35, 36] .
A 2-year study that looked at outcomes from sudden cardiac arrest in 2149 US high schools demonstrated that an AED was applied in 85 % (n = 59) of cases and shock delivered onsite in 66 %. Seventy-one percent of SCA victims survived to hospital discharge, including 85 % of students and 61 % of adults [35] .
Organized community programs that prepare the lay public to provide bystander CPR and early defibrillation provide the best opportunity for improving outcomes for patients with OHCA. Patients who develop sudden OHCA depend on community response for support. Lay rescuers must recognize the arrest, call for help, and initiate CPR and early defibrillation (public-access defibrillation [PAD]) prior to the arrival of a team of EMS professionals who then transport the patient to an Emergency Department (ED). The 2015 AHA guidelines point out that a cardiac arrest can present anywhere, at home, in a public arena, or in an inpatient hospital bed. The system of care must be able to manage cardiac emergencies wherever they may occur.
In preparation for the AHA 2015 guidelines, evidence from several studies on the use of public access defibrillation was reviewed. The use of automated external defibrillators (AEDs) by laypersons continues to improve survival from OHCA [16] . Efforts to improve implementation of public access defibrillation programs for the treatment of patients with OHCA in communities who have persons at risk for cardiac arrest.
Hemodynamic-Guided Resuscitation
Though CPR efforts are primarily concerned with maintenance of adequate myocardial blood flow, much of the morbidity associated with SCA is attributed to global brain hypoxic ischemic injury [37] .
Conventional methods for optimal resuscitation are ''rescuer focused'' in that the rescuer provides an optimal rate and depth of compression. Current resuscitation algorithms are driven by this approach and all victims essentially receive the same treatment. Recent studies have begun to explore more individualized ''patient centered'' resuscitation methods, which monitor and seek to optimize hemodynamic response during ongoing resuscitation [38, 39] .
Though the American Heart Association recommends that resuscitation efforts be monitored using arterial blood pressure, no study has demonstrated that targeting these goals during resuscitation improves survival [39, 40] . ROSC after SCA depends on adequate myocardial blood flow during CPR [41, 42] . The principle determinant of myocardial blood flow is coronary perfusion pressure (CPP), which is the mathematical difference between arterial and right atrial diastolic pressures [43] . Though it is unrealistic to measure myocardial blood flow during resuscitation efforts, both CPP and arterial diastolic pressure are readily available in many ICUs.
A 2013 study that used a porcine model of asphyxiaassociated VF cardiac arrest found that blood pressure targeted, ''patient-centered'' resuscitation efforts improved 24-h survival compared with optimal provider-centered'' efforts per current resuscitation algorithms outlined by AHA-guideline care [39] . Findings from this study highlight a promising new trend for the use of hemodynamic monitoring to guide resuscitation efforts and to ultimately improve survival after cardiac arrest.
Airway
The 2010 AHA Guidelines emphasized the prioritization of circulation over ventilation, reflecting both the importance of blood flow in successful resuscitation and the practical delays that are often inherent in the initiation of rescue breaths [28] . Options to support ventilation and oxygenation include standard bag-mask ventilation versus the placement of an advanced airway (i.e. endotracheal tube (ETT), supraglottic airway device (SGA). Recent studies along with the 2015 AHA summary did not demonstrate any difference in either survival or neurologic outcome with bag-mask ventilation compared with endotracheal intubation or other advanced airway device [44] [45] [46] [47] [48] [49] .
Use of respiratory mechanics monitors have been reported to prevent excessive pressures and tidal volumes and exhaled CO2 monitors may help assess that actual gas exchange is occurring during face-maks PPV attempts. Although use of such devices is feasible, thus far their effectiveness, particularly in changing important outcomes, has not been established. A laryngeal mask may be considered as an alternative to tracheal intubation if face-mask ventilation is unsuccessful in achieving effective ventilation.
Pharmacologic Management
A recent prospective randomized controlled trial studied 336 victims of OHCA, randomly assigning them to receive a maximum of 4 injections of either 40 IU of vasopressin (vasopressin group) or 1 mg of epinephrine (epinephrine group) immediately upon admission to the Emergency Department (ED). Patients were excluded if they received vasopressors prior to ED admission or if they suffered from non-cardiogenic arrest. No difference was found between the two groups in the rates of ROSC (28.7 vs. 26.6 %), 24 h survival (16.9 vs 20.3 %), or survival to hospital discharge (5.6 vs. 3.8 %) [50] .
AHA 2015 guidelines reinforced the use of standard dose epinephrine (1 mg every 3-5 min) based on a new prospective randomized clinical trial that demonstrated both improved ROSC and survival to hospital admission [16] . The pharmacologic approach to cardiac arrest was streamlined by the removal of vasopressin from the ACLS Cardiac Arrest Algorithm; this was based on evidence demonstrating the equivalence of effect between the two medications [16] . The recommendations for timing of epinephrine administration were updated and are now based on the initial presenting rhythm. For a nonshockable rhythm, it may be reasonable to administer epinephrine as soon as feasible. For patients with a shockable rhythm, resuscitation efforts should be focused on defibrillation as there is insufficient evidence and those no specific recommendation regarding the optimal timing of epinephrine administration [16] .
Management of Post Cardiac Arrest Syndrome
Care of the post-cardiac arrest patient is time-sensitive and requires a multi-disciplinary team approach including therapies, intervention and intensive care monitoring. Early hemodynamic optimization or early goal-directed therapy is an algorithmic approach to restoring and maintaining the balance between systemic oxygen delivery and demands. This approach focuses on optimization of preload, arterial oxygen content, afterload, contractility, and systemic oxygen utilization [15] . Hemodynamic instability is common after cardiac arrest and manifests as dysrythmias, hypotension, and low cardiac index [20] . Maintaining adequate tissue perfusion while limiting oxidative injury is paramount. Additional therapies have been deployed to impart neuro-protection to the PCAS patient, including Targeted Temperature Management (TTM).
Targeted Temperature Management
After ROSC, unconscious patients are at high risk for death and neurologic deficits are common in those who survive [51] . Targeted temperature management is one of the few therapies that contributed to improved survival with good neurological outcomes in comatose patients admitted to the hospital after OHCA. Early studies demonstrated that, among patients in whom spontaneous circulation has been restored after cardiac arrest due to ventricular fibrillation, systemic cooling to a bladder temperature between 32 and 34°C for 24 h increased the chance of survival and of a favorable neurologic outcome [52, 53] . Though significant controversy remains regarding the optimal target temperature in targeted temperature management, several randomized controlled trials have demonstrated that targeted temperature management can reduce post-arrest anoxicischemic brain injury and improve functional outcomes [15, [54] [55] [56] Prehospital Use of Cold Saline Sudden cardiac arrest results in the immediate interruption of perfusion with consequent global ischemia. In 1987, Bulkley first proposed the bimodal model of injury due to prolonged ischemia followed by reperfusion [57] . The first phase is mainly due to ischemia and the extent of damage depends on the duration of ischemia. When oxygen is reintroduced and perfusion restored, the infiltration of reactive oxygen species and pro-inflammatory processes lead to further biochemical changes. After cardiac arrest with no perfusion for more than 5 min, the generation of free radicals, together with other inflammatory mediators during reperfusion leads to chemical cascades that result in cerebral injury [58] .
Despite advances in CPR, reperfusion injury often leads to devastating neurologic damage resulting in anoxic brain injury and other unfavorable neurologic outcomes. Two clinical trials that were published in 2002 demonstrated that the induction of mild hypothermia could improve survival and functional neurologic outcome in comatose survivors of OHCA [52, 53] .
Evidence has demonstrated that mild therapeutic hypothermia after cardiac arrest increases the rate of favorable neurologic outcome and decreases mortality. There are multiple mechanisms through which mild hypothermia may improve neurological outcome following ischemia-reperfusion injury; cooling reduces apoptosis, inhibits the neuroexcitatory cascade, decreases cerebral metabolism, suppresses the production of proinflammatory cytokines, and reduces free-radical production and vascular permeability [59] .
Recent reports have brought into question the efficacy and safety of prehospital therapeutic hypothermia. Several randomized controlled trials have tested prehospital administration of cold intravenous fluids to initiate hypothermia after OHCA. The absence of any benefit and the presence of some complications during these trials led to a recommendation against the routine prehospital cooling of patients after ROSC using rapid infusion of cold saline [60] . However, this recommendation does not preclude the use of cold intravenous fluids in more controlled or more selected settings and did not address other methods of inducing hypothermia [16, 61] .
Maternal Resuscitation
Fortunately, cardiac arrest in pregnancy is relatively rare, particularly in the Western world. The American Heart Association estimates that in the United States, maternal cardiac arrest occurs at a rate of 8.5 arrests per 100,000 hospitalizations for delivery or 1:12000. Females who are most likely to suffer cardiac arrest during pregnancy are black women (non-Hispanic by U.S. Centers for Disease Control and Prevention race/ethnicity coding), aged 35 and older.
Though survival to hospital discharge is largely dependent upon the arrest etiology, the best outcomes for both mother and fetus are likely to be achieved through successful maternal resuscitation. Though hemorrhage is the most common cause of maternal arrest, other medical conditions that are strongly associated with cardiopulmonary arrest include cardiovascular disease (ischemic heart disease, aortic dissection, myocarditis, congenital heart disease, valvular disease, and pre-existing hypertension), liver disease, systemic lupus erythematosus (SLE), amniotic fluid embolism, sepsis, aspiration pneumonitis, pulmonary embolism, and eclampsia.
Management of the unstable pregnant patient requires optimization of maternal hemodynamics. The patient should be placed in a full left lateral decubitus position in order relieve aortocaval compression. She should be given 100 % oxygen by facemask and intravenous access should be established above the diaphragm in order to ensure that intravenous therapy is not obstructed by the gravid uterus.
Patient positioning during CPR affects the overall quality of CPR and resultant compression force and cardiac output. For high-quality chest compressions, the patient should be laying supine, on a solid flat surface. Recommendations for chest compressions for pregnant patients are equivalent to those for all adult patients. The rescuer's hands must be placed correctly and the correct rate and depth of compressions must be performed at a steady rate, with interruptions minimized and limited to 10 s outside of specific interventions such as placement of an advanced airway or use of a defibrillator [62 • ]. One large randomized trial that studied adults with OHCA, found that compared with continuous manual chest compressions with positivepressure ventilation, manual chest compressions with interruptions for ventilation performed by EMS providers was not associated with a significantly higher rate of survival to discharge or a favorable neurologic function [63] .
When performed in the right circumstances, a perimortem caesarean section (PMCS) has the potential to save both the pregnant woman and her baby. Starting from the gestational age of 20 weeks, the gravid uterus causes aortocaval compression, thereby impending venous return and cardiac output [64, 65] . Delivery of the fetus and placenta improves venous return and cardiac output, facilitating closed chest compressions, reducing oxygen consumption, and making it easier to ventilate [66] . The greater the gestational age, the greater the potential benefit of performing a PMCS. Revised recommendations by the AHA state that PMCS should be performed from 20 weeks gestation to women with an obviously gravid uterus that is deemed sufficiently large such that it causes aortocaval compression [67] .
Because pregnant women become hypoxic more quickly than non-pregnant women, irreversible brain damage can occur within 4-6 min of cessation of cerebral blood flow [65] . For PMCS to be indicated, all three of the following must apply: unsuccessful attempts at resuscitation at 4 min post maternal cardiac arrest, gestation 20-24 weeks or greater (i.e. uterine fundus palpable at or above umbilicus), and 'short' time interval from onset of maternal cardiac arrest (PMCS should ideally be initiated at 4 min and completed by 5 min post arrest, but it should still be considered at 15 min post arrest) [66] .
Conclusion
Outcomes from cardiac arrest have improved over time, with a focus on pre-hospital CPR quality, public access to defibrillation and adherence to guideline concordant bundles of post-arrest care. However, given the continued high rates of morbidity and mortality, further investigation continues to be necessary to reduce the public health burden of cardiac arrest. In 2015, the American Heart Association issued a guideline update for Cardiopulmonary Resuscitation and Emergency Cardiovascular Care and created the first Maternal Resuscitation Algorithm. In order to observe widespread improvements in outcomes from cardiac arrest, it is critical that patients receive guideline concordant care in order to optimize their chances for recovery.
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